Tracheal intubation without neuromuscular blockade may be associated with worse intubating conditions and increased laryngeal morbidity. We hypothesised that tracheal intubation using the McGRATH TM MAC videolaryngoscope would not increase postoperative hoarseness, even without neuromuscular blockade. In this prospective, randomised, parallel-group, double-blind, non-inferiority trial, 248 patients were randomly assigned to tracheal intubation with or without neuromuscular blockade using rocuronium. Hoarseness and sore throat were evaluated at 24 h and 48 h postoperatively. The primary outcome was the incidence of hoarseness at 48 h postoperatively with a pre-defined non-inferiority margin of 10%. Hoarseness at 48 h did not differ between the non-paralysed group and the paralysed group (8.1% vs. 13.6%; absolute difference: À5.4%; 95%CI: À13.3 to 2.4). Also, no significant differences were found between the two groups for hoarseness at 24 h (22.8% vs. 27.1%) or for sore throat at 24 h (12.2% vs. 9.3%) and 48 h postoperatively (1.6% vs. 0.8%). Although more patients in the non-paralysed group showed an adducted position of the vocal cords (29.3% vs. 0%), there were no significant group differences in the ease of laryngoscopy (96.7% vs. 98.3%), Cormack grade laryngeal view 1 (97.6% vs. 96.6%) or first-pass success rate (100% vs. 100%). We conclude that when using the McGRATH MAC videolaryngoscope for tracheal intubation, the incidence of postoperative hoarseness was not inferior if neuromuscular blockade was avoided.
Introduction
Intravenous administration of neuromuscular blocking drugs (NMBD) is standard practice for achieving excellent intubating conditions during the induction of anaesthesia. However, the use of NMBDs is not without risks, such as anaphylaxis, residual blockade or intra-operative awareness [1] [2] [3] . Two early studies using a direct laryngoscope (DL) have demonstrated that tracheal intubation without NMBDs is associated with worse intubating conditions and increased postoperative laryngeal morbidity, such as hoarseness and sore throat, compared with intubation with NMBDs [4, 5] .
Recently, videolaryngoscopy (VL) has been developed and is now widely used in the operating theatre. A recent systematic review showed that tracheal intubation with VL provided a superior laryngoscopic view and potential decrease in postoperative hoarseness compared with DL [6] . The McGRATH TM MAC VL (McGRATH VL; Medtronic, Minneapolis, MN, USA) provides a clear view of the glottis, vocal cords and surrounding airway anatomy via a liquid crystal display. With these advances, McGRATH VL may provide excellent intubating condition even without NMBDs and as a result may not increase postoperative laryngeal morbidity. However, no studies to date appear to have examined the effects of NMBDs on postoperative laryngeal morbidity and intubating conditions when tracheal intubation was performed using VL.
In this study, we tested the hypothesis that tracheal intubation without NMBDs would provide non-inferior incidence of postoperative hoarseness compared with intubation with NMBDs when using the McGRATH VL.
Methods
This study was approved by the Tokuyama Central Hospital Institutional Review Board. Written informed consent was obtained from all patients. This prospective, randomised, parallel-group, double-blind, noninferiority clinical trial was conducted at the Japan Community Healthcare Organization Tokuyama Central Hospital, a tertiary teaching hospital, from November 2015 to September 2016.
We recruited patients who met the following inclusion criteria: ASA physical status 1-3; age 20-85 years; and tracheal intubation required for elective laparotomy or laparoscopic surgery. Patients who had history of difficult airway or cervical surgery, Mallampati grade 3 or 4, mouth opening < 3 cm, BMI > 35 kg.m , pre-operative hoarseness or sore throat were not studied.
Patients were randomly allocated into NMBDs or no NMBDs. Allocation was performed in a 1:1 ratio with a block size of two using a computerised randomisation table that was generated the day before surgery by an investigator (TN). On the day of surgery, the group allocation was revealed only to the attending anaesthetist. All patients entered the operating theatre without any premedication. Before induction, a 20-G venous cannula was placed and standard monitoring (ECG, non-invasive blood pressure and peripheral oxygen saturation) was initiated. After epidural catheter insertion, if applicable, patients were pre-oxygenated for 3 min during which a bolus of fentanyl 2 lg.kg À1 and remifentanil infusion at 0.5 lg.kg
À1
.min À1 were administered. Next, propofol 7 .0 (for women) or 8.0 mm (for men) with a stylet angled corresponding to the blade of the McGRATH VL and a collapsed cuff immersed in saline. The cuff was inflated with air at an intracuff pressure of 20 cmH 2 O. A gastric drainage tube was inserted at the discretion of the attending anaesthetist. During induction, 0.4-0.5 mg atropine or 0.05-0.1 mg intermittent phenylephrine was administered in case of bradycardia (HR < 50 bpm) or hypotension (BP < 80 mmHg systolic). During surgery, the patient's lungs were ventilated with positive pressure ventilation and anaesthesia was maintained with sevoflurane, fentanyl and remifentanil. Additional NMBD was used as needed, at the discretion of the attending anaesthetist. Postoperatively, residual neuromuscular blockade was reversed with sugammadex, and the patient's trachea was extubated.
At 24 h and 48 h postoperatively, an anaesthetist who was unaware group allocation and intubating conditions assessed hoarseness (none, noticed by patient, obvious to observer, dysphonia) and sore throat (none, mild, moderate, severe) using a standardised interview [4] .
Intubating conditions were assessed according to previous guidance [7] and using the Intubation Difficulty Scale (IDS) [8] . For the former, the ease of laryngoscopy (jaw relaxation and resistance to blade insertion), position of the vocal cords (abducted, intermediate or closed) and any reaction to intubation (coughing or limb movement) were recorded and rated as excellent, good or poor. The overall intubation score was excellent if the criteria were all rated as excellent, good if the criteria were all rated as excellent or good and poor if any criterion was rated as poor. An excellent or good intubation score was considered to be clinically acceptable. The assessment of intubating conditions according to IDS involved recording the following data: number of attempts or operators; alternative techniques used; Cormack intubation grade; intensity of lifting force (normal or increased) applied during laryngoscopy; whether external laryngeal manipulation was needed; and position of the vocal cords (abduction or adduction).
The primary outcome was postoperative hoarseness at 48 h postoperatively. Secondary outcomes included: postoperative hoarseness at 24 h postoperatively; postoperative sore throat at 24 h and 48 h postoperatively; and intubating conditions. In a previous prospective observational study, the incidence of hoarseness at 72 h postoperatively was reported to be 10.7% (95%CI: 9.7-11.9%) [9] . Hence, we assumed that postoperative hoarseness at 48 h postoperatively would occur in 10% of patients in each group using McGRATH VL. To assess non-inferiority of the no-NMBD group compared with the NMBD group, postoperative hoarseness at 48 h postoperatively in 10% patients was considered to be acceptable. On the basis of these parameters, an a priori power analysis estimated that 224 patients would be needed with an a error of 0.05, a b error of 0.2 and a non-inferiority margin of 10%. Thus, we planned to enrol 250 patients.
We used Chi-square or Fisher's exact test as appropriate for intubating conditions and laryngeal morbidity. For comparison of the ordinal variables, Mann-Whitney U-test was used. R (version 3.3.2) was used for all statistical analyses. A p value of < 0.05 was considered to be statistically significant.
Results
Initially, 250 patients were enrolled and 248 out of 250 patients were randomly allocated to groups (Fig. 1) . One patient in the no-NMBD group and six patients in the NMBD group were not studied. Thus, a total of 241 patients contributed to the final analyses. Patient characteristics were comparable between the two groups ( Table 1) .
The incidence of postoperative hoarseness at 48 h postoperatively in the no-NMBD group was non-inferior to that in the NMBD group (8.1% vs. 13.6%; absolute difference: À5.4%; 95%CI: À13.3 to 2.4%) (Fig. 2) . No significant differences were found for hoarseness at 24 h (22.8% vs. 27.1%; p = 0.53), sore throat at 24 h (12.2% vs. 9.3%; p = 0.61) and sore throat at 48 h postoperatively (1.6% vs. 0.8%; p = 1) between the no-NMBD and NMBD groups.
Intubating conditions and IDS are shown in Tables 2 and 3 , respectively. Although more patients showed adduction (intermediate or closed) of the vocal cords (29.3% vs. 0%) and reaction to intubation in the no-NMBD group than in the NMBD group, there were no significant differences in terms of ease of laryngoscopy, Cormack grades and number of attempts (Tables 2 and 3) . To clarify the effect of vocal cord position on laryngeal morbidity, we compared incidence of postoperative hoarseness and sore throat between patients with adducted or abducted vocal cords. There were no significant differences in postoperative hoarseness or sore throat between patients with adducted or abducted vocal cords (Table 4) . None of the patients reported sustained hoarseness or sore throat at discharge.
Discussion
We found that without NMBD, tracheal intubation was non-inferior to intubation with NMBD when using the McGRATH VL across a range of relevant end-points.
In the study by Mencke et al. [4] , patients who did not receive NMBDs showed poorer clinicallyacceptable intubating scores (24/36 vs. 35/37) and more frequent hoarseness at 24 h (6/36 vs. 0/37) and at 48 h postoperatively (4/36 vs. 0/37) than patients in whom NMBDs were used. Similarly, patients in whom NMBDs were not used in the study by Combes et al. [5] also showed poorer clinically-acceptable intubating scores (77/150, 51% vs. 130/150, 87%) and more frequent postoperative hoarseness or sore throat at 24 h postoperatively (57/150; 38% vs. 38/149; 26%). From these studies using DL, there appears to be a correlation between clinically-acceptable intubating conditions and postoperative laryngeal morbidity. In our study using a VL, 85.4% patients experienced clinicallyacceptable conditions even in the no-NMBD group. Figure 1 CONSORT flowchart of the study. 'No-one to intubate' indicates not enough anaesthetists on day of surgery to conduct the blinded study. NMBD, neuromuscular blocking drug.
Furthermore, almost all patients in both groups were rated as Cormack grade 1 laryngoscopy view and laryngoscopy was easy without the need for additional lifting or laryngeal pressure (Tables 2 and 3 ). These excellent conditions observed in our study were consistent with the previously-reported advantages of VL compared with DL [6] . The combination of remifentanil and propofol during induction of anaesthesia in the present study may have also contributed to the higher rate of clinically-acceptable intubating conditions observed [10] [11] [12] . Previously reported incidences of postoperative hoarseness and sore throat have varied widely, probably due to differences in study size and evaluation Figure 2 Group differences in the incidence of postoperative laryngeal hoarseness and sore throat (mean AE 95% CI). The 10% non-inferiority margin is only used for analysis of the primary outcome (hoarseness at 48 h). Table 2 Intubating conditions for tracheal intubation without and with neuromuscular blocking drugs (NMBD) [7] . The overall intubation score was considered to be excellent if the criteria (ease of laryngoscopy, position of the vocal cords and reaction to intubation) were all rated as excellent, good if the criteria were all rated as excellent or good, and poor if any criterion was rated as poor. An excellent or good intubation score was considered to be clinically acceptable. Values are shown as number (proportion). [9, 14] ; for sore throat, ranges were 24-25% at 24 h [13, 14] and 6% at 72 h postoperatively [14] . In our study, we observed a similar incidence of hoarseness but a lower incidence of sore throat. Postoperative hoarseness is affected by many factors, including duration of intubation, size of the tracheal tube and intracuff pressure [9, [15] [16] [17] . We used a relatively small tracheal tube and always set the cuff pressure at 20 cmH 2 O. Our results suggest that the procedure used during tracheal intubation, if performed with care, does not have a great impact on the incidence of postoperative hoarseness. Approximately 30% patients in the no-NMBD group exhibited adducted position of the vocal cords at time of intubation, but their postoperative laryngeal morbidity was comparable with that of the other patients. Due to clear view provided by the McGRATH VL, we were able to bring the tip of the tracheal tube to the cleft of the vocal cords and gently pass it through the glottis without instrumenting the vocal cords. When using DL, there is a possibility of instrumenting the vocal cords or laryngeal mucosa when the laryngoscopic view is poor. When using VL, the position of the vocal cords may not affect postoperative laryngeal morbidity or difficulty in tracheal intubation.
This study has some limitations. First, we did not include patients with difficult airways and the anaesthetists involved were experienced with McGRATH VL use. Therefore, these findings may not be more widely generalisable. Second, the non-inferiority margin (10%) used in this study might be regarded as high. Unlike previous superiority studies [4, 5] , we used a noninferiority test in which the smaller the non-inferiority margin, the larger the necessary sample size. Future studies with a larger sample size are necessary for validating our results. Third, we used fentanyl, remifentanil, propofol and sevoflurane for induction of anaesthesia because this regimen is standard in our department. Studies using DL have shown that even without NMBDs, the combination of a higher dose of remifentanil with propofol or sevoflurane produces acceptable intubating conditions [10] [11] [12] . A doseresponse study may be needed for assessing postoperative laryngeal morbidity and intubating conditions when tracheal intubation is performed using VL but without NMBDs.
We conclude that tracheal intubation using a McGRATH VL provided a non-inferior incidence of postoperative hoarseness even without NMBDs. Postoperative sore throat was also comparable and very good intubating conditions were demonstrated, except for vocal cord position and reaction to intubation between groups. 
